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This report summerizes the results os the eacterlsocum
of selected prepolymers with re~ct to fwmtioaaity and fmiimlt
distribatios arad the effect of functlasairy am m~ebsl praperV1ms of
gwxotacks crrr led a awer Contract ft. 3046 ll-6-C-0016 - Thse

studies ea~ru ite a -cocrizaarioa" of the vorik carried out uner
Gmtraco No. FO4611-67-C-OWrZ ".t mwactioality Deternilbation of BL-1ier
Prepolyvv' s. ' Mwe progra coneizend of two phases . Pbase, I co~risss
the adaptatio lad applicat ion of analytical mtbouft developed Madr
Cont ract P0M611--67-C-0012 to other prepolymers. It also prowidew 0irect
sArwicxe and support functiaw~ to exist lag solid propelilant dess-oet
program. Phase 1! involive, the scale-up of the fract ioatim pt-cdlowe
of prepclymrx into pare difumtlmal and sawfwntional comccwats md
a *itudy of the effect of mrnofumt-lonality an the mechanical proe~rties
of the cured binder-

Specific studies relating to Shell's P-L-REP prepolymer bave
already been VabIisbad to a confidential1 report eatit led 'P-RIP Care
Studies , AFUPL-Tk-ff-1 79.

DW sera wacrle sore by Mr. Ar Forc skeith Prplstive

Fsppor aby Dr. Jame L mos. The pirk jepw was sdere in eiisf

Dr. 0. Crafstein. Pro W n Maager-

This tedami cml reIport k"m bem reviewed moad Is ..ppr oved.

Chief. PropeTInot DIVISion
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ABSTRACr

Fiinctiamii ty Au foactiosalivy dis tributum e mumeMm have
boom carried out ansi di fferent pol~tutaffene prepolymers ctain- Ing
h~droay air tmrboxy functioualiti which are cnrrvely of interest to the
Ahir Farce. The specific prepolymers am.: Sinclair's Poly 5--ks "-5MI
A~ A-LSK. bhyrozy-functicoal butadiese homaiolymers preparcd by free
rafical poay erizatiman$ md Czm ?re' T elmges prepolymer series,
prepare4 by mniewic pol-AmrIza#'IA. The Teiase prepolymer seriem comprises
the following polymers: the M(Uagas (amda Mmo5000) and its lcw
malecuJlmt weeigt (WAmR30O), saturated comtepw.t 011-Ye agemr-S, an the

coraspsdfg c cy-frnciem1 aaoges, COL-TeLagena& d (X)0Telrgeu-S.

Nmdr werage waleoaa wigbt zeamarnts of three dif ferent
IOtM Of the *-43H PrMP017yer shmd little batch to batch variation.
Fau~iomalIy distribaxtru mawinrts were obtained by elation chreeto-

graby n ativated silica gal The difunctiowal contest was fomi to
be aW.P -uimtely 4 to 45 wt 2 withk a mal UI&Cmlar uei&t of 4000. the
rhdWw (55-44 Vt X) beJLMn tzAIfAtIUMMUN I With a LVwmirnl MISnlAulr UCAht
of 2M. All thrse lots of the S-4-% kove consIsteatly ahown this

-- dec Of fwaCtiaMity Qm mijecUlar Wilght_ MW f. WiriMUt'
d~strb~Aof tg *-15 was foun to be similar to that of the 1-45H.

compad-ims maro than 50 wt : triol - Is cotrast to Sinclais 'ah m-Kad
A--LK VOPeiYNMzMIA which are cwomsd all di-an trifumitiomal compnens,

the m TRL!r3 1.tat~a som-, noa&- and diftatioml preolymers.
Th total -sm- nd ioal contest of the fomur reln... prepolymers
vkLcb -wm nlyzed varled fr 24 to 32 wt 2. the bulk of which is
MOM-CCMII

A amle of bkctdym 's ?-COM prepolyser lot ELZ-", w as
~aidwith resgier to famcclamallry dis tribution amd f -iitd to contain

1.2 to LU f tin 45 to 5n2 dianctiomal aot 35 to 402 tr ifutrioia
W41019- F~lilty distribotow rnassremmts of RI'r me perfluoro-
alkylimm axl~k prvqklywmx, FU2, shmd the preseace of 3-52 monfuct bal
an 7-4Z ~mtoIprsolyeer. the rintder belft ttifunctiomal -

PIcheeieMLJr Propefrtie, Of & WHEROCk PIeae frtm a pare d~fantiocal
psybt.dinproply~m bew I - 1 obtalsed omr a temprature r~age of

-WV7 Le tarT- ne ffew-t of msfamczml prepiclymer -zatmwst an gnstockh
peoprt., bae bow. quttatively &ef lAd.
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1Cxwetratlow epaec of number a-w'rage
molecular wilght for Poly 3-D, R-45M, lot 70421
In chloroform at 3rC by VPO

2 Comicetratio iceawe of numer average
swelalzr veigbt for Poly N-0,, "-5K. lot OW5101,
in chloroform at 37C by IPO

3 ConcntratIzu deaemec of number averaae 1
molecumlar veiot for Poly 3-0. 1-45K lot SD520).
In ckloreform at 31% by YPO

4 Elation Profile for Poly D-0, 1-25K, lot 704211; 12
stepwse elutioa from silica gel

3 Cicest ratio. depeadence of somer awerage 1L3
aolecalar weight for fractious I throg IT of
Sinclair's 1-45M. lot 740211. Maureavtswr
made by VIP in ckloroform at 37*C

6 Elation Profile for Poiy 5-0, "-5H, lat WS5l01; 15
stepwise elotow f&i silica gel

7 Sluti.-Y Profile of Sisclair's "-5K, lot 805201; 17
stepurise elation from silica gel

8 ~ pmdae of the wt. 2 of "%.5K Lot 6052D1, 19
al,"e vitb 400 =I of CR2 UC2  a funtOR Of thet
silica al~poly..r ratio

9 glotbM Profile of Sinclair's 1-L%5. lot 707?M3; 20
stepise elation fromi silica, gel

10 CoMcwntrat Ice depeadvac. of numer averagiv molecuar 23
weieht fcr (-T*Aaqm--S. lot 242 ME 273 U. in
chloroform at 37C

11 Ultion Prc file for OK-Tlagez-S, loL. 242 MN 273 86z 24
stepw~se elation from sil ic~a gel

12 Concewtvat tas depe~mc of somer ave rage wo1ecu1ar 26
wiatat b,7 VPO for (Mf-Yelagem. lot 242 M292/316 AM.
is cbloroforn at 37C

13 Elation profile for ON- Teagm. lot 24.2 AM 292/316 2
AM by stepis* *lstion firom sill" gel. 3Mu: "7-116;
silica 6el/pOkys*: ratio 951
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Elutiou profile for O-Telarm, lot 242 AN 292, 29
3:16 AM by ste ise elution from silica gel. Il:
"7-134; silica j-1/volyer ratio: 100/1

15 Elautior Frofl*e for 08-Telagem, lot 242 An 292/316 37
AN o; srp eise elutim from silica gel. Im:
447-13f,; silica gel/polymer rat-to - 26/1

16 Eiutf'oe profle for 0N-Telagmu , lot 242 M 292/316 33
M6 by ste vise elution from silica gel- 3m:
W4-160. silica gel/polymer ratio - 15.6/1.

17 Elutioi profile far -Telag, lot 242 AM 292, 34
316 AR by sterlse elation from silila gel. Ra:
471-8, silica gel/polymer ratio - 10/1

18 EltiLm profile for (M-Telzgem, lot 242 AN 292/ 36
316 MO by stqalpue elution from silica tal. In:
471-32, silica gelipolyumr ratio - 1011

19 F-lutia profile of the scslep of the fractionatiom 37
cif eagen-W. lot 292 AK/316 AMI. Rum 471-70:
'silica gal/poLymer -atio, - 15/1

20 Eluiom profile of the scale of the fractiomaion 38
of Tlaem-E, lot 292 AM1316 MO. Ram 471-82;
silica SeOpOlymer ratio - 20/1

21 Elatiom profile of 3M 471-9; silica gel/pol.arr 39
ratio - 20/1

22 Elatiom profile for dif;mcriomml MO-Yelagem. Mnm 42
471-100; silica Sei1nJf'-war ratio - 80/1

23 ComosaraiLum dependence of mol.lr eijat for 0003- 45
Tela em-S, bach no. 242 AN 27" CUL by VIJ in
chloroform ex 37"C

2. Elastia Prof i.l fw CM-Telzem-S, batch so. 242 &M 46
273 JM, by stertme elatiom from silica gel.
Rum: 447-41, silic& gel/pol+mer ratio - 96/1.

25 C em ratiom depeaA.ace of muvwer avervge moleclar 49
&Lg bY WPO for EX0-Telagem. lot 126, by M in

chloroform at 37C

Elation profile for CDLA-Telageu, lot 126 !7y step ise s0
.lutiom frcm silica el. an: silica gel!
Polymerl ratio - 100/1



27 Elutin profile for QDO-Telag, lot 126 by

silica ge./poyairer ratio -= W

29 ezgztton :Tof ie of L.o ketivne's P-AzkytE lot. M-8
with exgea toluenesufocl. 4,,c..janate in chlarcorui
at room t-vwerature. Reactiou was moioredi b-iv infrarj-_,

29 Conceitrai.-m demwiadence of mumber avverage uccaar 1
,veipthr fog .Ocketdynews p__GTE, Lo-t £.I1-6S, j-%
chloropforv at 37'C by VYO

30 Eluition~ prile of Rocketdymie's ?-CtZME, Lot 52-4.
Rim 471--lC.'; Silica gel~polvima ratio - 90., 1

31 lation priftie of Rtcketdyne's P-GW1t, Lo t El I-f-1
Rivg 471-1 ,- Silica gel fpolyaer - at~c -86 21

3.2 Elutiona pr~file of locketltwne's P-409*F~, Lo 5
Run 471~-10; Sitica gclipcl~ver 'atic -:

33 Caiibratic* Plot of toluemetxulfunyl is,-cyaatet
(TSUCM) L_- Freuw 215 relat ing isocanare absorb~mmce
at 4.46u t3 wt. X concentratlio.; C.1 am thica
matched Uiaid absorpt).Qn '-ells

34 Elutim pt)file of t&ke fractionation of WMs F'- 202, 63
Lot 2, paplymr. Run~ 471-71l8; silica gel.pol,mer
ratio -*1

135 Elaion p.-ofile of the fractionatica of "'s FC1202. 35
lot Z. prVolyr. tim 471-133; sili.ca gel-'pol-nmr
ratio - fXi

36 Maximmm * :ress of Sumatocks inrepared tram pure 68
4iliuoctic ,%a1 HT-Tel~aeeu and HT-Tel uge= -A leeive4"
tDependen & of %aximm stzres.s on triizxst_ acv e le-.-1
at th-ree temperauis. Cure Si's rein: 4-ove
di isocyat.*atza/rt:-ipbeny meithane triisoc~-&mate

3:1 Kaxl--a trre 5 oi guitocks, prepare% :rom p-i.-, 69
dif fwt mml HT-Telagen and BT-Telagezi ^s receii1et;.
Depenew:e of azimm strems on triisocyan&te 1Ivel
at t±hrew temqperatures. Cure svstva. i~exaetheot

dtio~at~'trp*~~1 ethue trii~ucanate.

38 txi stress of gum:cks prepared fra pur
dif wtcconaa HT-Telageim acd RIAaer, -As li
Depeade-ce cf maxiim stre4s ant triiscc-faate level~
At thre' eeatr Cuare ,, sews: Y rp",r



iUSTM OF FT?~tS (trnetd)

pure dluwrlJa t 1 K- Telage. and ff Y-elag as

tr i %,cvamte larel at. throe teiperat~gev, Caye
Syt.,,2 ,4-Tolyl~disrvraetwp,~ utt*ar-

t r I lwcvr aa t #

40Strata at xafu = sire,- of Xvomtok preparee f-rom 72
V,.re diLfuactlonal. T-Ttlagen .aM R-Telago~a as

Dependen4.ce of strala at saximm sitresi to
triisocvaw.:* level at t~hree~ tespeatm-Ps. COre
systrem, lexezwhy lene dill s ataar / tr.be~y 1ke cra
tr isxocvyuate

AlScrain at wwa strms of gunackes prepared frow 73
pure difmictcmai HT-Telagez and HT-Te laen as re celi'ed.

C~pedmceof sraia at waxiawn stress 00 Lrisocy&anate
Level at thr ee tenerat ures. Care Sys tehU: M1)1
tripheuvy.' ~ ne tr~isocyanate

tat Itial udabm~ if Buscks prepared from pure 7 A
dfvja'ttiosal B!- Telage aa ff!-Tezag as rcAve4.
Depevmeue oi initial nodulius an trisocyaae lee
at th~ree tesatress. Cvre Sy'stern: 2,,i-Tai1iene
d iisocyanatel trijt~mylithase tri isocyanate

Initial M~odul1us t- guinsv-cks prepared from pure 75
difaactimml RY-Telagen Anid WT-Ye lae as rvceived.
Dependen~ce of InItial nodu1i s on riscysanae
levrl at three temperatares. Care Sysem:
Iie-masthyl!eae dl. Lncw. m e/ tripexqlr 1 mtbaa
tr Isoc~~mnate

Initial ft.-Lw of gwitocks prepared frou pure
difUnCtio".1 HT-7zlqe aad rT-Telagen as -eceived.
Depeawewce of initial modulm, ov trisocyanate level
at three t~exeratares. Cuir* System.- DWH rip .emyl
disietby ~ea triisowan~te

4 5 Shore 'A- hards.esit Di gunstocks prepalred frow par*
difuwnct-oaal MTelAgeu adn ffT-Teiagcn as received.-
Deedn. of Shore "A hardn~ess or si iisocyaae
jeVel 'at L,5*f- Cure System. 2, 4e-to1lylrae diisocyaaate '

r~rpbtv~ tha trii-svwy=%te

4*5 Shore -A"~ hardmoess of twomtocks p'-prc4e from pu~re I
difuwtioail IT-Telage ad fT-Telagea as received.,
-pe-dece of Shore "A" khardne*s an trilsocyanate

leve ~'75'F. C;UrC sTv-tPU~ea.e~ln
di ~ crip#~v~X e-Lae ~ 'at
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LUSC(W F!QGUMS 'Cbatid)

47 51harr R' ardmess A-f Guwktoc~i ?lr*ped from
Pumt difmiciknal FT-Te~ae and ET-Telagen as
recewed. Wneudece of Shore "A" harde an
triisov-yanate Level at -P5F Cm System: MI/

ttiphrurl dise-hyene tri isocyaate

Effect of *I~wfMMctiC;4-- Prepolyr COL'Tent 04M
1M&x-Im stress of a h;7z-r-xy-fuctioanI .~Atb~ia
Prepoalywer (HT-Teiaen) at three tenperatures

49Effect of Hoouart4ial prepolymer cock-eat am I
strain at maximm stress of a Ndrox-fuuciokl
polybimtafteue prepolymar (ET-Telagem) at three
temeratures.

50 Effe-tt of wccxofmfctiosaI Prepolyurr wMteu nr w ium tia I
vowir-us of a hvdror-furc!*ax -elvb-tdiee pr-
polym~er (IT-Telagev) at three ra"Mraturea

51 Effect Of awfoacioual Prepa1rmr wanteat
Shore ' bhardwWS of 46 h-,dro#-f "Arional Poly
bu~tadin prepolyser ~W-eae)at 75-F~



Ow-Teaem-s Cemeral Tire and Robber Company's
cr-Telageu-S bydroenated. cazbwq~-fumatioa
TleD-CT-S poiybtadieae prqpoiyuer

cWca-yelam Gemea &I'Tire adRht- Compamm,'s£
CT-TeLages taturated, carboxy-f!untiaa
Telages-cT pib tmprepolywer

General Wti-", diiscyat*
based an a diner acid

Jcfl0 M Compny' s Perfiuoroalkylw oxide
prepolyinr having hydroy-funtioa
grom~s.

ON Nazanetbylws diisocyanate

Vimer averge alecuiar wilgbt
extrI401ated to zero coaenraias

as-zeami-s GeeCal Tire and b~pber Company's
Kr-TIaa-S hyr~td ydrozy-f imctioual
ulftqm-s poljrbuadlese repolymr

CE-TeIap Cdorai Tire and Imber Comany's
i-TeIwamaturated, bydrozy-functiomm1

yeIangemw-ff polybtadim i.-c"Olywer

P-cMM bck*tyue 't ntro-f luaro prepolyawr
having h royfnia1groves

*ISM1~ Siaclair's Poly S-D hiydrox-foactiomal
butawidm homvooymr, no1ecaIaar weight
somht greater than K-451

*-Awl Siac lair '3 Poly D-D b'ydroxy-uctim1a
but adie prevolymer

TDM 2 ,4-Tolyir-ae dilsocya.ate

Wrm or 1P~f Triphenyl &IaetfrnIea Iriisocyauste

I ?rpiu1Inrhaw triisoc-yaZe



Uner a pewinu Contract tP5461i-47-C-OO2), Mum VABnem& ami
EugIme -a Go. deveLmmed and/or refimi iam * evalmozed test =Orf for datr-

mintig mleculr Weight, eqmiwalemt Wei.gir- famctialIty. ftiat
distr1bution n molecm2:ar weight dlstribatias of selected solid prope~met:
binder prepolymers (1M

ftt sigaIficaur-ly a metbwd -a &dwelopod %bich ca deWteuise
the functionality distributios of binder prepolymers. lb. nethad Is baed"
ask the adsorptio of prepolymer ccactlvated sIlics gel an subseqmt
selective desorptin by steqs'uise elation using solvvnt mixtures of
proigressively greater allic Lion r. Yt"i tech1ablu ca effectively seprat.
prepolymew's into a--, wmwm . 41- and polyfumctiaaal coiczents.

The abilit-y to decexuise the famtioair-y distribution of prepalywes
and to separate prepolymers into uom-. * n- awm difamctonal prupol~sers
is a prerequwite In sr-miyiag the effect of functionalityv diatrIbutine an
binder an pr-opella.nt itchamical properties - It opens up .mw avow of
binde sr-dies sieb as the est-blihest of the relar-imbsip, beten m~
asica~l pr- .;rtie Lan moaf~ciomal prepolymer content. Such experimental
invesr-iga-am were hitherto Inaccessible becue of lack of appr"PrIate
anhalytcical technaiques.-

Theoretical cinideraioinpredict thaz amfaciomIl prepolywer
-Amr-s will seri-Amly affect the machmiical, proper tie of the prapellant
sxace OMiAufnictiomal Polymer chains vi1.1 act as chain teruiar-otrs owing
the cure process an bence interfere wit-h at~ forstat iam of a rW polyiner
setmA* needed to Impart good mechasical prxperties to the propeliant.
lb* IeVel of muofuactiamal polymer at which ncchanical properties will
seriou1y drop off had mt Is- defie iam d good quantitative data mr
needed. The effect of monfmncr-iama polymer cmpnens an careid bimier
properir-os was mot deteradEned. Sonfmir-Uml prepo lyver comfx~acm crat
partiZcipa". in the care proces mk4 will therefore merely act as higf
molecular W.-Agiht Plasticizers.

"aplywer coposition parti4 culArly with reaptct to fumocticoality
disributlon 't- Icin been reglec-ed as a qual ity par..weter In the opriimization
af solid prop. last, e-bamical proper-jres. phase 11 of thisj prverm ii-we~esinr-s
an inItial steL deaigpei to fill this gap. It has establishd a reUlatom-
ship between m~ ialr specifically movefwr-ionm prepolyer couzinr-
and biniter smckhicaI properttes. It Iwes also defined the optimi eacbsica
prop--rc Sos of a pw-ely difwar-io=d polrbuazadlee prepolymw. All studies
aider tkis progra &#we been restr ict-ed to the Sumstcek. So prcipellamr-
forumdatiou s.-tudiew %I.re am"-

(1) Functionality bereriuiatiou :3f Binder ftepolymers. *final baport.
October 1966-Selotembet 1MS, AFSPL-TR-68-237 * A- 8- Ihasw**r

d A. E. BSWAScu. EAWO U*eZXCh and ragingeriue C0.



Theajacti'we of thIs pz~qp is to costims the deveeant
of sethsds forth cbamterzatas, of seLacted ptapolmws with repect
to factorns.Uty an ftmIty distribta and to determine 'kw

I a isbIF heian ~tck sowbamical prapertiew an fwactoamality,
*pdbdficsJ1y mnfianctioasl parpo1yse Cacint.

The OCRs szs4a of to phas" s:

Phae I mntaiLU resewck aiwa at extesing mid ~4t
amrnytical mtbads &nwaped ~ Cautract R)4611.-67-C-MOJ2
to am claam ct prepolymers ei lataemz to the £Ar Fowve.

pbse 1I lvolve Is Part olptiatimiJOS ad, sca1.-Mr of the
fractlaustiow procaf--. to obtals larger qmririe of pure Affuctimsi,

mi cianai prepolwsmm - toc. fotml-tioss fa1.yInq r
dii inliml polyer mzcluively sad with vaying amuts of mftoa
unsial wasm MAN to asea the Wal effect Of f=Wrikinstity

dlstribtIm as mackwaical properties.- In addition, gusock foma~tlous
sau !iza e dS-f"MMIm1N aterial "wre Caured with the* aslayia
the bwUk palywe.



Interest totm i oc.Teef fect of Em a]preplm
cot~otasmehaicl perties wa waplared a" the mchima1c

ap-oertias of 5 rMCocIbS Prefer"d from a Pardi~t~n VD-
pa 1ybtdem prepolyner oe defiue. 72d qIn the final rupot
OR Cnract no. HM46ll-4-C-004 an coer the pwat F4rwoty 3,

l thrm Fakruusy 2. l17. All ---"ALA relazlvg to ~Sban's PAW
prepolywor hae' bee summrzed lin APVPL-h9l entitla "P-W
Cure Studaes.'

A total at eiske dii fers Peleers were cbmractuman with
respect to tuactimaalicy adfmacrimmalU y dis tribs tles. All are iow
molecuarw weighbt, liqzdd pol34stadiea com"ainaj bydrox or carbomy

Silair prce am hydrosy-fuctr amal beadtm holm
icb awe *isiliated PoJLy "- *-45H an -LW resiiectively. Th -iI

propolymer boo a somewhat highr mia0CULa wight than tam 2-45R Itst
is theme prplpars stems from am facts: (1) their lo e~st (48 to 54 cimtx/
pound) and :imeir rupocidly k~ft overallI fumriomali y whtch is substitiAl~y
in em~ at 2.0.

mUalecla weight MA faictionality asWIn am fmactiamality
distribut~in ar were caried out as three diff mfr- lots of the
"m45 prepelysa to hteredn *A therw were significant dii ferAA

to these parmeter, In particlmw In h fuctionality dietribution
pat tern.-

12he extrapolated amedr serw umua Wegttw* di)e.
as &etez.Srd by VFO In chlmsefo sat 37 shwe wery little batch to
batch wratimw (2740 to 29). - h owralJ fusemaItime based..
solecular u*40t and egaitralsit wwuikt vnt aried from 2.30
to 2.4s. Is '.1w et this high aer fafumteilkiy level. the 3-4m
P& plwr abomald courAis &SiaiicAme quantities of p.1 jeer cmoets
hffV1jim flUMCIUM~y XW1@t OA CM S .1 £ r :mcIUMUtY

disc iheioshae. confire this. Amectimmalicy dis tribution
me~wswre obtaie by eluti.. chrommoramb o activated silica

gel (10)-200 nmh). A campar lsm of functionali ty distribution i ' MInrnms
Of thrOe lots t t* *-45M S; that this PCprapiUder ciitS O .41i-

an tia tc~iolos cmoets- Th Aifeact jawal cotest is approximtelly 40) to
45, wt 1, with a soaedml majecajar mulgh of 4=0. the tiniade (55 to 6M1Z
being trtfumtimma with a asinisal moieudar weighe t 0O All thee
lots bave consistently shma this dem IaI of t eectIrMAlity am ainle*.Wuar
ww 4 gbt_ Go a tgolar ba th feact1maIlty aistrihitioK of the S
rrepolysur reflects an www ki~tir trial contest: 25 mole 2 dialso
75 ODIC. I trio4.

To dot-jrod w~batr there is a ambstmtal differeac. betwee
ths, I-4M ad the R-L]5K pre?0.7 sier, a1661l ot "f &-liff WMS al"
characterized with respect to Its tmactlamal~tz nd famatiociadrv distributioa.
Moilecular weig£ht eauvmawts aSiVOW thet that* r is a .1 gnwlf £C 1: 6a no at
dria:IC 11f~ereae in mlecuakx "eight ImeciinvU the *-15M- Ot,-AwX) arid
tth R-A M 0 -UG. Tbe overall fwctomlitr of tkwe 0-15M, lot 707203
.as f ow-4 x* be 2-4D whicb i A idic~Al to i ODS11 -1 Ehe R4d



preo~~e~F mcibaea~iy distr~mtio maswemets of tbw R-1-5a
sb.wd that cut 45 wt I of this previla1yar ;s difwmmliwal with a
m p 1 A a] wlicua~w wtgt of 6000. the remider helag tr-f-u-ctioinI

A eeqgtsrlsom of the ftoasIty distribution of the *-42t
an the *-ISM prepolywro; therefore abkw that tritmctimal prvepolyer

Is tbw MjMW copec (moe tUMa 50 wt 2) Iat both pramclymers- The
*-JM arAs to bove a slightly kfgber difumtIlaa ctt tdam the
*-4-9. Tims apparently slight differeace a i ffmtiomal rE ymer cautest
=W furtbar dfulaish qpe malysis of adiioroalJ Ia~s of the fl-UH

Sampla of Gemeral lre s low moloauar mrigt (sonimal, Sm2O).
by~rognate W-YeIage-S bete previmusly bcem etaarac- estid ad foun
to contain mo-. amm- mad 'difuictiinai prepolymr. Ow ad ditiona Lot
of M-Telages-S stirk to ;pv- ased -u Contract Ib. R)4411-6-C-40045,
"5S.thesIs an Rvalmatiaia ct CurIf Ag hms. bmw beown asalirrad. 7be
fm ctimaiy distzx'simts ef xnt 242 M 213 M of EUl-?.Iqins-S %se found
to beas folam: 92 monf~tima1 * 152 thci* ,de reandder
being 4Lfu=,ct~tw-a1. Strilar fmcciaalIty distributions were fqaimd for
peaw Ialy amalyzad o w of M-Telaes-S.

A sampe of the bighar moecuar weight (smisal Ws-5OO).
inazrCd -Talqem, has also beem analyxied. Ibis; polpser is the

taivt moaturated, hydram funitima1 prepolymr nf tba Telags series
of SM aal molecular mwigt t we tawe triad to fraciomce* by
F miinaJlty. Mwtotal am- mdasfwatiamal c,,Lm.t of lot 242 AP
2921316AS a fuza to be abwat 32 wt 2. Fractionatim of rhis prepolymer
ur 8-aa*1 to provide saffiofeot quantities of pwe& difwtioa

A" mc=~ twrlal fat evabmatioa eLf meebasical properties of
l- OL wmwoks. £qwwI t it dw Molecular rniapt swamuewrs
ot the dS-f-c11 and sammti~ms prep.1ym"r bom yield"d the

dMfmctimsl prmpolvUS: f I."~- 9

f CUw MIK: f - ' M GM - 0.98
sq - migtt 6M~

pmtioa t~y distributim m u were aLOs caVried out
of*b I (W ~n-ft armai the go-Tel.e pfW.lyM&E ,eirn..- lb OXW-

To~npe-S lot IQ 273 CM, & bydrOOMMACAd pm lybestdm of MO0
woodal mlecular welght -O fOgmd to ctaIX&I A~4 7 wt 2 O" fintctL~maI

ma 23 wt I smcf~oti'mal P prypir - Ibis coof it rn r VrVWIAW" obev&tI
tiat the bulk at the mterial bering lie thin theorertical fluctioa1 Iy
(f.0O) is iniot~1ica Uf1) rather tkar Ommfatiousi (f0O)



ho h1he m1l a UCI~t (MOSIn! 5)*aa
CM~-Teso pcepolyar wa fond to be nor .cresgtly a.4whed am the
811Lca &*l the my at the prewloamely cheacter Lan prigalmrs. P1m
reoey I , freImzIt n - 1 sItca gal ouly, 51 to "9I. nutbel s,
the Now- and fAVWtIeWAZ prepolMW Uwzs WOIc are surangy

aderbe-a the amie gel AWOe eluted frnthe eobum. Th towa out-
aW wanafenitam intint was fame to be abot 27Z.

A amle of Backetdyne a P-1 prupolyinr, lot MI-". a
mitrcp-f Iowa preqolyme huring hydrxz fwatioal. groms, n cberacterized
wi rh repet to fm?~filicy, dlstrIhutizm. TMe Minatmtinal cantmit
wich wmalso the Inmr mlsombr weight f raction om fame to be 12-15 ut 2.

-qraIo of dl- an tifmotioca1 com ts wsnot realized. -~~v

bao"a the inlysls of the Idiiwl.l fractiina the difmetlogel coetg
to apprainstaly 45 to 50 wrt 2 i the t"ifwtowal contaut Is 35 to 40

Powt1..altty distribwtinmrarits of We WNpert Lmow.-
allkyim ouide pepolyer. FCZ32, showd the preec of 3-5Z
functioal mod 7-9% ammfoatiinl prpoly. the reminder bein afmitial

A series of Wmtocks have bee pripared fran put difotional
W-TUgeam ain tbro diffsrat lsocymnte cove systems. ehmicA1

prutinof the Pue 411 ctioinl satock baive bem. comared to
gmetaC&E prePared frow ET-TelegeM "M reCeie". NOhwiCal Preyert7

w n" was mae at three teatwes: -45*V, 75' an I F

GOODk prepared ftam pwa Adititml W-Tlam ezhibit,
bLjh~r MORIUM Stroim wA-S them those prepared fran "as received 3f-
TeLin.s All three c=& xstem sho the so dirucciw" affect. b
ifformee to AMMrnm srran leel for the "difuuciri ouen md . W received

SORtoks Is -ot promomcd for the TNIITm cure sxrztee. MOCi of the
higher maum Strome level of "mtocka prepared frm pure difuctiaal
propolymr the crinlakar level can be ai&'df icatly reduced to 10K
.1sivaler triisoyntz or eve belo.

At C~eANIMU.eI txtIsOCymc10e level* the pure 'difmwtjamai
gmetck emkIbIts lowr ~Is stra law Is Clum ginctocks prepared fri
"a rece~ued2* E!--elegem. 5eCAU of the Wootmtiin! P prelmr content
of the "so recelved" ET-Telagra the 3atter Viweck will emkoit luver
crOSSi~ desi t~v MIN hece higher strain levels than the pure dIfvamriomLIl
gmtock at "Ifentical trihisocy mwte levels.-

Caetoc... Prepared from the difwIrlonal prepolymom also AeSIhit
&t#Igef ICAnt!F kigher 11t&ia nrpdvi- 1e lb tock emyoyie a total
arv-4atlI corwe *"CAN (ThhiTW;f wa tae ans. &Z tInzC of fez t. TLe
411 fiwiacin 1* lattal wat il bewee the '*4ifmwiowl- guetcik aed
ft a racel ivm "wanck 4jiima as the teeeratw is decrOAed. To
obtain lawt initial modvalin Xa -tocks pirepared fho. difuetioIms prpolymr
the trI isocyjmt* level1 sheeld be beta. 10 equ ivalent pe~r.

Lt comprable Zrinocyaat evrels the pure difwnt lanai gumanock
cikibits cxastesaily %.tgtf iffrtv higber Shore -A- brdmsr them th r
rtcelved, gilack. I%& dltferoar* i- Soru -A- hArdaeas are UCr



Iptanocwe for the TM ITTIL cut"d gmuocLs. nme arantft diocyanste
(TM) also rin'alts is b~sher bardmes ai cewe system evIoyiin
alipbotc "dflaynsain

~mta1x prwwoymr was added to the difftetowa1
rpom.u= in iacrim of 4., 9, 18 mad 27 mle X to arrive at a
quas~timw Corfelatim of the effect of UNfunc times propelyar

as mgocL prulpertime. To cure system ae mV1a~d
repssuS a arzvmmic diisocyma (I) mod an aliphat-1c dflsecyanate

( K) chast estiniur. In efic c lotiv sYstke & trjiusOC7a mte C2 Mslier
-m med. The di-/trilmecywne ratio am hpt cootast at 91.
andtami of titm lprepolyner to the difustomsl prPC lyMe
reuces theaS straws level, the Initial Modalmnd tbe sbore 20Ar
hmxdm but Iscres the straft iet mlm srrin of the curled smaocL.

Thm parcestap de~rine in Maum straw level Is similar
at all tbrne -Ther U decreme Is nmi straws ma iitial
Nodum ""IPMC a~tli of the firust 5 to 10 siol 2 1 tinal polywar is
mr*sawer* for the ali196"4c dilsocyanre OK) ckaii-eztendsd gmtock.

Mw Sbe 'Air hardeses a- a - msentlAdly 11ms dece
with SInae is infutlional prepoiymer contmtt.
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IV. 1ZMICAL 1U3Sld

A COCAl of eilbt different tus'yn MNe ~ m a wits
respect to fuctionility an fvswtlcsaIty dlstributicaL ALl are Uaw
malecalar We9oat, liqUId polybutadje"as - ThY differ. hower. to
weveral respects:

& Different methods of polymerization ares empnod. The Tjp
series.* musfac cured by Gnral Tire a" Md&er Cimpasy. sim

an aicaic polvaerization process, whereas Sim]drs Poly 5-9
prepolymers are prepared by a free radical process. This
dif ference ir the method of polymerIzatiin resiltis Is:

a. dIfferent microstructures and

b. mos sigeificatly in dIffe [ct funtIality distribuionsm.

o The mamic process pernics som cont rol over the degree of 1. and-
1, 2-addiciom. Ihe free radical process, homer. gives coislatnzl
80D" 1,4-additm (60Z tram-1,4 ad 202 cis-1.4) ad M
1 .2-adition (vinyl groups). rths difference in aiczotruttwe,
however, *Is not ezplored on this program. Our objective wa
to qu: a m- teraine the foint ioma ry dis tributin of
these prepolroars, a parameer which Is of pea"Llr Impyotat.
from the stanpoint of mechamicak properties of the cured
6 tock.

* The Telagm prepolyner ser-'is Is gmaiwra1 ly comamed of som.-
mon- nd4ifmcional prepolyner, whereas the SinclAir P'oly 3-)

series cirise dI- adtrifuacciomal comonets.-

In addic Lam to this diftereace In ictroetrctare isad fuaticmity
distrIbutiom, the following differences axe reflected by tim prevolyuiers:

* The type of functional group (CE vs CO)

* Saturated (bydrogemated) vs mwatcited proeolymr (Tel-e Ws Toeame-S)

e There &re LiSo som differeaces in the molecu.lar weights of those
prepolywers -

The *at- sted Telaea has a hamr molecular weight (nomial 2000)
tha the maturated TeIau (mimdal 5000).- The dinotc* of a 1oaer molecular
weiht. saturated prepolyser- reflects the facroased viscosity of the
Saturated bwaekbome -

La sectiom A throug% 9 the reatlES Of fUnet icoalig, sd
functionality distribution ineurmets ou tight Pvreolymer-are s rjm.

SeCt Lam F disressew the inckauniCal properties Of p=MCOCh prepared
from a pure ditectonal kI-plybwtaimw sd cnupsres thes, properties withk

mtocks prepared fron -as received EfT-Tetag#m-. The effect of acowtuactiesai
prepolywr coutest O amichanmica Properties was exploaredts ie&tall.
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A. Functioaality and Foactiosality Distriberioa
Measuraments of Sinclair's Ll S-D PreVol__

Sinclair's roly D-D prepolyser series are Lew mlecular weight.
liquid btatdlese baopolyrs or capolymers of butadieso &ad styrue or
acryl mitrilU. The to hydrwiy-fwactisal hbsopolyiers which are of iaterest
an propelant btImers are sIgat" UI-45H aid R-15M. The *-LUN has
a so at bigr volecalar welght than the 1-45M. The curreat price per
pound (a drm qunities) is 48c fwr the 1-1S aad -4c for the 1-45M. These
prepolymrs have omistmty bm reported to have awerr-l fwancruoualities
substaowcIaly in exces of 2-0. la the foiladaig seecim fimcriaality

-m functinality dLstrtbutio measurmnts of different polyawer batches
are discussed.

1. Sinclair's -45M

lTbree differeat lots (70421 , 805101 mad 805201) of the Z-45H
preplymwr have bem czracetrtze with respect to fmctlualIty and
functiomality distribution.

FPucticeallties mere cAlcalated from minr average mlecuIar
w ht mutm eatM MW eqgdv&IAat WIght RMAS t.M

lumbr Avorage Hoecalair ijvlt
ffquivalest Weight

*dewr awerW molecular weights were obtai *d by WO in chloro-
tom at 37f. AJl i mmsurmm ts were extrapolated to zero cmtratiom
to obtain (g)o. The Concentration depmdmce of molecular -m1ght for the
tbrxm lots of -45 are somi In Figures 1 through 3- They how a
smiflcamt n tive coacmtratios dweademc. tiwe apparst molecular
weight iacreai with decrease in polu.r ccentratLon. The extrapolated
naolcalar weights are sumarized in Table I.

TAUSE I

5CkMW (W PONTIC&LI OBASUDGUM

or TWM LOTS OF "-5M _

Kqaivale~t Mei t t

LN So. (cran f ?olfaerlle *f ON Pcttomalta

04211 2740 11"0 2.30
805101 2300 1130 2.48
m301 2M !220 2.38

The oqaivaleut weIghts were deter n ed by reactifg the polymer
with p-tolsassufomyl Isocymate Ln dllute -chlorefor solutiom. n-e

wcttom Ls mmltcred by Infrared. Details of this aselytical mthod
have br-s dsmcritd t AFNlPL-Th.-6&-237 (1). The re tts of the equivaleat

(1) Fmcticnallty Deternlamto of Under Pruspolymrs. ftual Beprt,
Oc'Cobsr 64-September 68, A. 8- *uvwker sd B. E. adsoe, Faso esearch and
Efthieerif, 0.
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Fipurce 1. Comearractte 'vmesce of nauber amrage splecAlar weight for

Pely N-D. 1-45K. xo. 'M4211, in chloroform at 37'C by YFO.

3400-
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CW0,ENTMAV0%, 9/19
Figure 2 Concntration dep.±wdeace of number avcrage iwecuar weigbt for

Poly lb-D, 1-45MH, lot 541.01, in c.4 rotorw at 37'C by VW~.
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*#eight masrem~eirs an~d the fuancticoaities biased on mo)ecular weight
and equiva -2t veighE me~srints are srud i Table I -

That . funw-v xalities for tbree lots of "M& are substrteIaEly
in excess of 2.0. In view of this hiigh mvra~e functionality (7.30 to
2.48) the "-%Ki prepolyuer shv~uld cenai&n sigaificant quantities oif
polyzeT csqmints having functionalitles greater ikan two. SaqeMt

~ucti oaali.tr dist ribut ion masurmets hav~e confirs"~ this..

1-. Fmauitaeafl Distriution liefasultments

FunctIonal-y distriution sasLurents were made an all thew.
lots to deterumiz vhetber theze uwre ~in .differences in the
ditributioni patterra ke had previously dens zwied (.) that tbe R-45H
ccmtain wo zeaureable quaamtitie. of U00- iind Wofuniticual' prepolyawr
copents. Our objective wa~s thereforc- to separate tV repIyuer
inzto purne diffractional. ad polyfitoctiona-i coponts.

A. Lot V,4211

The &olvent schedaile that was found to be particularly citective
i-a separating R-#iSM by functitiality mas 100 CH2C1Z follwed by sol et
nixtures Of CHZC12 and

? I~ehylene chloride was us~ed as the IiutIl1 soIleit insteilwi
Of carboo tetrachloride iibIcb w have generally used for other prepolymers.
w~thyleie chloride affords greater ease of desorption of the prepeljuier-
As shavi ini Figure 4, a frazctioc arcocting for 4,", was immedately eluted
in respoeme to mrthhylene chloride- Iased om tibe zfrape of theelto
Prcf 'le we recmibinea the iodividual cuts inta f.o ur major, fractiouts fer
subf~equent anAlysis. The coo eftratica depmndenz t of moLecmlar wight of
Ut,;i four fractiom; is skhc ini~~r 5- Analyses of these fractiorms
arc suvamariz"- bel. w:

Pclvv.e rlvrg< ! o cic~u: ~

Ac.§2 z ((i anl of C ~ C F~sVt Ii -pn&Ii tv

V ~3.3:-

Ar~~~~~~i C td o2--: ';Z*.

I"".n e
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Malysis of Fraction, IT has rised the possilbili ty tkat this prelyner
cmtaias tetrafuactional cOftemts. 1%e iatevestift finding is that

faat lamality is a funtion o.. mlec Alar weight, the low molecularMW M~t
components being trifunctioa and the hig~mer iolec l- weight fractIcam
being difunctiomal.

Lots 805101 an 05201 were stubsequetly fractioated to
determise the "-riatio. In funicrlonalicy distrbu~'tion mp" differeat

b. LOt 805101

The solvent schede wa similar tc tihat used for lot 704111
'1U0Z CBZC2 followed by a solvent mixture of 952 (C2l 2 and 52 C0~3=).
Nomve. the Pral ii.wa short by switching to the 15.% G2~C1I*CE3CN
mizture earlier in the elm ixs schedule.

The resulting elut Ion profile is shu. in Figure 6. The
inwdividal cuts were recmbined into four m.ajor fractions. Da!ring the
recomiatlom of Fractlowa an 11 andm subseqcest striping at 46C

weabserve~d that these polymer fractirm becam insoluble. Apparently,
ooddattiv crosslxnkig took place m*Amig the polymer insoluble. There-
foire. so amalyses could be obraimmW os ftactiams I ad U. FractiZons
III and IV did nt &ikin ewidece of crowsslikIft a" were therefore
amalyzad. Analyses of these fraction are smr ized below

Identification: 447--82
S;Ilica gelpoymer ratio: 10011
ftlymer charged to colhiu: 1-18 g
Total polymeAr recvvery: 95.4'

Ut I Eqjuivalent weight
Fraction of Total (Gr mole ef CIMi f) o i utoalit

I ~~37.2 -Z____

111 37.9 SbW 2600 3-02
IV 10-3 570 ~ 780 3.12

*Samles "ad becoom,- isolube due ro
omidative crasalinking.

Analyses of Fractions III and IV Sh4nAed that tkbcse fractions are
trifunctioual. Based cc functinality distribution iasu i a Of th
Pf-e"Logs lot of R-45,W (lot 740211) an Ethe SiaIl.AfftY be~t-CI the tr
protiles it can be assumed that Facttic. I is difunctioual &aod Praction 1111
is trituinctioal-. We therefore assign the following ti.nctioqualitv distribution
to lot W5011,!

1 71 dlf Mt.na

r 4Pu ade r t t 0 iAx-
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C. LAK 805201

Tir solvenat stbedoe wa again the same employed f or lots 7042H
*AU =5131 ezc@Vt for tmc-wma the (C3 eoacdsc to A102- tmCrmiSLU

the C0C solvent oaent, did mat.* however. speed eV the elution. of the
trtfunti.'ial poymr. Ise @1st cmo prof Ile is shos in Figure 7. 7%e
£njvi~Ahi cuts were recomined into three major fractions.. Oxidative
CSmika assia prevnted the analysis of Fractioa II.. Saed an elutlov
paef Ue of prewtws1 amlyzad *-45H rampes this fraction is be Jieved
te~ bo trinwatIona1. kmlymes are smi-irzed 'Selu:

IdintIf Icazios: "7-108
Silica gel/polymer rat.1o: 100/1
Polymer chawged to C-3io: 1. 20 S
Total polymer recovery: 92- U

wt 2 Squiralet Ueigbt
racts Of IbuaI (Grmalols of OR) 2J0 Fmoctiolity

1 43.0 2005 1lOM 2.04
11 7.4--
111 42.4 720 :1100 2.92

92.8 U

'Gampl bed beom insoluble du- to 02idattwe
crumltakif before mnayses could be obtained -

Lot 8052D1 therefore coetains appr~inately 431 di funct loual
polymer of (6i-a-41M. the remnder beings trifunctioi-al, having a

A comparison of funtioality dis crib.ticus easuremars of three:

On a soar asis, Wtie fntio aly4srbt of E-4he 1s -45x i

Diol: 25 Rol1e X

Triol: 75 ftle I
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1-3. Elfect of Silica Gel/Nly"el
Ratio on Separation nt icis!EZc

lfbe vm major parameters uhicb l~w9ely costrol the ftractloitatia
ef ficleacy of p-wpolymrs Into Cheir functina copos ar () the
silica 1pJ/polywer ratio, an (2) the desorbing powe of the elutift
solet. we how eulored the effect of the SILICA galPolYin ratio in the

caeof the R-45H prepoyinr. The ratio wa wrted Irm 10/1 to 1111
401i16 IWKZ CK2 C 2 AM the elutig Solvent- As the critum1~n Of fractiatimO
efficaewy. we cbme the at Z of the prepolymer eluted after a total elsetion
value of 400 a. This traction geer.I ly accounts fox 42-43 wt 2 for
this particular hatcc of R-ASH if separation betwe di- adtrufiotional
prepolymer box beet achieved. If tkin frtact ion Is grar tha 43Z.
than ctifouctionai prepolmer has bes elated together with the difwactimal
prepolyuex. Figure & abc s the ut 2 of this first fracuion asa finactim
of silica gel/polymaw ratio.

It is apprt that at a silics, 3.lpol7mr ratio sommhst less
than 4011, ceperat jon is incomplte mdtrituuction1 polymor in eluted
together with the difumitiagme prepolywm. Ihe miuimms silica gellpolymr
rati, required for fractionation of R-45H I-t its. fametmal cmets
main C1 2 as the elating solvent is therefora about 40/1. It shouA
be ruaslimad tboo. that Lie option ratio ts a twatiin of the solvent
shdleand the prepolyner.

2. Sliclir's *-tSR

To determine "bather there Is a embsttial dii ferec betwen
1-45H n 31-M.K a sample of 3-15K,. lot 70723. was also characterized.

2.1. Fntilonality Leteruinatlow

Sawed an somer avere sclecs lar wight mnswesets by VF() mod
equivalent weight maiurewsts based cm the react ion of the prepoljrmer via.
p-tolmamfony'k isocyamate the following functiasality vas calculated:

f - - L20- 25
Eq. Wt 1380

This functionality is i&Mrc&I to IL a, '1, of the &-ASK
prepolyir. There is a sigaificant. it =oL dramatic difference in Molecular
weight beturem the k1SH (3400) and the a-Ai (2800).

The elationm achm?4MIC ws id&Mtiral to the one -ja" fnT the a-45M
pwepolymr- 71w resulting elution profile is sawn in figure 9. oxidative
crowslinitiig was agpin io evidence utum the individaal cu~s comprising
rract toe I were camia"d ad stripped vwAdr vac at 40*C md subsequently
empmaed to air - Tme initial part of tbe profile (see dotted line of Fractioa
1. Figure 9) was therefore repeated. Fraec ice I of tb* repast tract ioa~aciaa
accouns for 44.0 Wt I al the total p.olymer as compored to 47.6% of the
imtlal tract io'nation



-I,'-

100

cu 90

-L-

- 80

g70

at 60
, .

< 50

w

,9 30

U. 20
0

L __. . ,L__. ______________________________________

10 20 30 40 50 6( 70 80 90 100

SII.A G,,,cLY R RATIO

Fim_ s. ECEIO' S OF THE WTs. I OF R-45M, LOT 805201,
ELUTED WiTV 400 ML OF CHI"1i2 AS A FIW CTIO OF
THE SILICA Gl-'POLYMER RATIO.



*s

jw. 
I

- -~ 
co

-

-4

GoU
no-injos j ov v

Id-



Analysis of? ftactioa I stwmed that this fraction was diifunciona
ab had been expected- Fractiomw 11 anhd 111 wre fowand to t-e trcfttio&I.

CaWlete analyzes are givev below:

Identification; "'0'-90 and 447-1-12
'!.1ca gels/POlymer ratio: Mix/
Pol1-m-r char~ed tc colimm: L-20 g
Total pu1ymer recoveryr: 86.5Z

Wt: X Equivalent ieight
Fraction of Total din~~eo ~n) o FunctiLonali ty

T 47.6 ---- -*

44.0** 2750 7XI 2-P7
11 24.1. 810 2450 3,02
111 14.8 7!.6 21ac

*Th"z fraction cuid n 6e aralvzed because
of oxidative crasslinking

SRepeat of initial segment cf prc-.ile

Saed - the abc.e .-Iara we carz :cn-clade t iout -*5Z Jf this
prep~olyzier is difunctional, abouat J60 vt Z is trifuoctia'aial and the remaiing
prepolymer (152) vhich could not be 'esorlled is also pre-sued to !>
t ri f umc iona1.

A ccaparison of the iuncrinalit- _iscri! Lcion zf r~-ec ,51
a-b the R-15M prepolze-s shows tn~tt trifuncltAicnaI pre,)olvar is tr,?*
major ConjpobE.aL (maethan 50) in bcth pre1avves. The 1-15?! appears
to nbav.e a sligbtly higher i .'oalContent tha. the R---5m. 7his,
iapparan:Iv sli:ght ditfereuce ir dittmctioaal polymer :.onzen. m~ay f1-urher
diinish upon analvysis & adiditi)naI lost -. I-ISM~.
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Z. Off-TAGEN O~odiaa V&m-CJ.

L~ot 241 Vf 292,f V.6A

This >tC. 3H-elaen trkaim1al Molecular ueihr 5O00) waas
i -cased ffrorm ;neral Tl~re and ILb~e: C-mazY for use an bch Ccmtriicrs

p-dT-e is th firsr---air

rated h 2.zxfuJfzncioaA prvpc'ywer z :ie ' elager series A~ 5COC m~miual

;rMcic-ati=' z f this prep'C>-'Vr WiASsca~e-up for evari& c4

~~T -er~ t~~ A~ e e Z,;7~ j z ~ e > u~

:r~c~xr:See f-caz i' :rvnae r a ~s

arg . b %

Eq--ilen

Mr.;

Kr.

A-we-ag- K, 4 mc le f X'

7L 3 E.. n. S

. . . . . . . . . . .. . . .

- .VV~ - .
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12 first fractic ition study ws carried cust at a silics set/
Polymer ratto of 95I1 uia CC14 and mixtures Of CCt&L and CM11 of Ewa
gressively idgber (~r!3 c~est Y1w resultiniig elation Fwaft is aSS
ist ?igre 13 It IS a~preftt frmK this pWafklC Cb~t an sigmificOMEst O
of plyir mes eintd from the con in resonse to CCl4 . The first *S4-
74i leat eltion (fraction 11) ws is !espane to "i~res of CC14 /CECI 3and/or 100% CRC13- Practice 11 %as followed immdiately by the ejor firac-
tin (qnjqmw peak of fraction 111) is response to 100% CWMC1 3 - Ihe frac-
iCloatiom was termilmated after 83.61 --- the polymr had beez rewwered.

LANSIYSCS Of the fraCt ioMS shams SCA SeParati-M bY fwRIMCCOMaLrY. Fracio 111
apparently cxmrafae4 sw misofnctional materijal in addition to the &tfuncti~nual

Identification: 447-116
Silica gel/polymer ratio: 95/1
Ibcal polymex charge- 1.372S
Total polywr recmwery: 83.6%

Ur T. Eqaiwaleut Weigbt
Wraction Total I WELn-l-e of 05)1 (!b )o Fuctffmial

I ~~0.4 ______

II16.4 6W)0 4800-9

LU66.8 2600) 4543 .75

513.6

* *aalyis oaild no r be obtainedi because of sua.11 -aale size.

teprofile ixndicated ttar CC14 LsckA-d su.fficient -tesarbing
acti'c uhereas ---C1 3 us EOO st-ong & des~rbuzg agent to perxi:, se~araticc
hy func"omulity .0 Z ooirb:e strOckg desrff!ifta ,>,e Cf 'Wi a frac-

Teresulting >rc!fi1e is depicre i= F~ixr .'. th ptefl*,t ve~:aK
dev~strares thie !.esm-irg act ior of 2C~aC: avb ttue lack afe~ra ~c
ttze p>olymr into distinct >eits. Elctir' tron r-. ziU -as :-.a
a!lter 8-21 ret~otery.

Si .;ira ge ./P-C-vo -at io

-- A-t - - A
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In subsequent studies. e lowered the silic. ge1!P lvamr
ratio and also investig'ated the. effect of the chloroform content of the
cartbmo tetrachloridmichicrofom solvent mixture on the efficietcy of
polymer fractionation. Figure 15 shows the elution profile at a silica
gA/polymer ratio of 26/1. Even at this comsideraly lower ratio, less
than 1? of the polymer is eluted by CCI and CC14tOIC'3 mixtures
contaisixg uP to 0I chloroform. There is a significant respome to thbe
601tO_ _Cf,-IE icr.- *ixture whic' elut" about 26: (Fraction I)
of the total piolvmr frcm the colm. The bu of the pol-mr is Subsequently
elated in respome to 1002 chlorofo-rm. Fractionation was terminated after
89.1? of the polymer had bee-a recovered. Aialvses of the fractions are
sumrizd belw:

ldet if icat tm: "7-138

Siltca gel/polvver ratio; 26/1
Totarl polymier carged: 3.869 g
Total pclympr recovery: 89-11

Equivalent Ueight
FractiLon Wt Z (Grabalm/le of ON) (0o 5utetionaltv

* ' 9 - _ _ _

U 2S.9 5 3 900 .

1I! 10-3 314c 470 1. 50

IV 52.0 262C 5200 .98

89.1

S o analysis could t-. obtaind because

of the small sample size.

acaie 1 hese dAta t:-e i an4 c alpecirr
Cootea 's in exct~s 1i -,7. Zt,a o.4 I Ar 1! Frazti ,n !!I is

approxmatelr a W C SWixture _-: Utonc- azu at: ctia peo'wr. The

"tee ivcr lt' we .r- -- , tr .. i'. e

raic A~k ;.,Iwer 0,a~. : ) 1I4e
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figure 16 szcos the elutlon profile, at a gelI/alywer ratic of
!S 6.I using 1002 CCd 4 , 70!30 Ml4( (L.3 ard 100? CHCI .n succe-SioQ.

3.'
Analvses of the three major frac:tions are suamarized belkw:

Identification: 447-160
Silica gel/polymerization: 15.6/1

Pol mer charged to colt: 6.415 $
Yotal polymer recovery- 92.12

Equivalent Weigtx
Fractioc WEt. Z (Grams/Hle of 09) FW tct tonalty

I 0.3
II 24.7 4540 470( 1.04
1 I10.5 L790 4900 1.0i
IV 56.6 2620 5000 1.91

'Sale size too sMI for analysis

It appears that some difunctiocal prepolywer my have been
included in fraction II as , result of the reduced silica gel/-olyzer
ratio.

Figure 17 illwirateL the elution profile at a further xr,*dzed
silica gel/poiymer ratio (10/1). The solvent schedule waas 1002 C1 4
ad S0/20 CC14 /CBU1 3 . The profile has been coosiderabv condensed and

there is less separaticm between major peaks. Analyses are suxtzed

Ident ification : 471-8

Silica gel polyner ratio: !OC'l
Total ,inmer C.arged: 12.737 g
Pc1VMCT R&-awry: 882

E-,"ivalent Weight
F1aczitO. ,t... (Gra1.Dle oaiO ) C Fctioal i tv

I Ji- 4?15..

i,9 2:Z

I I t ~- t-'_Vgj~ th g ttior? &d jor', d .n th.-

gS4 .S tr

.:' ra
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Firl-t If -,ws the e.uxiov profile (471-32) at the idmticaI
ote1 ratio u us 471-8 (i.*.. ICh1) but usn 1002Z CCI4 tolleawd by 90/10
CI 4 /(CC 3 As the elution sceke. The effect is very druwtte. A
fr-ic'ica accou--g fay- 214 t I of ti.e total polymer chazgod is elCAte
ia rcipimme to the 90/ 10 CC14,j dE1% solvmwst mixture. Mowwr. the 90/10
CCIC 13, nixv~xe faied to elm..e the major peak (difa -tial polymar).
Even the subpetq~eDL Me Of a 801-72 CC14 1(2C13 *OlvesPt brsAgkt MIT little
addiziesai response. There is z, sarently a very sigalf icaut dlf forae
in the elating power of a 90/10 *A4 80/2D CCI,;#'Ci 3 sokwent mixtezv.
I,* analy~se- hawe been carried out m run 471-32.

identification: _17.1-32
Silica gei/polyr ratio: IC/,
Total 0%.Aymr Chargts': 12. 960 g
Total polyunr recowexy: 30.

nhe fractionation ot 0O1-Tela~gen bv coos cromtograpty
was aubseqwb-ntly scaled-Wq to the 400 j loevel. A lar~tgem ji.olam
bavring the tolov.in dindsio~s wa e'1olved: iengthb( feet. diamoer-10C m.

T ree si~_&-J r-.MS 0, tA1* Airt1~~ ~dJ-Tiases
mae. Nwo -f Lbe rume were carried -.at at a 2Pi, oiiica g*l polvmr
ratizo arad at a 15:1 ratio. A-1i thbvo 41tt. profiles are we- similar
(see Figurez 19 through~ 21)_ 'Ibe appr4-_pate fractom wri hroc-rjs"
u'itb respect to equiva lent weigh-. 3.ased a the qivaije-t veigbts, a
owinal fun,:tioaalitv was atsixne4 to earch De t~z za I s af r

417.FIL2 and 9.6 are given below.

iica Se'.pcllymr ratiz: I
lotAl polywkr 9h~~ 1.
Pclme RecavrrT: 92.1t

Eqialn weipht
_____ ioz Tcta e o f L.40 SoiiaI Ft.ctlocalaity

j-I

nwdroxyl 1-aw in the lafrptre4;
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Ideatifi.ation: 471-82
Silica gellpolymer ratio; 211
Total polmr charged: 315 g
Polyme recowery:

Wt. A Equivalent Veight
Fractlen Total (Gafin(Ro of IN) fManual Functioalitry

1 0.3 a
11 1.2 3700"
III n9.3 88I
IV 2.8 3,7002
V 58-1 26

91.7Z

ft bydreayl banC In the inf rared; functiomalitv

Ideatificatioa: 471-%4
Siilca gel/poklver ratio: )011
Total polymer charged : 314.3
Polyr recovery: 90.52

Wt. zEqwlva1lst Weight
Fractioa TOWa IGaaMl o 9 oinal Ftnctioaii:r

1 0.2 *0

II23.1 5300 1
III 2.8 3610 1-2
IV 64.4 2560

"o hydrozyl bm in rbe isfrared; fuunccionaity - 0

The appropriate "difwwnrtiuna1 fracticias from the threo scitle-Up
rvm of thke fractiocation of 08-Yelagen have beeni recb room tographed to
yield aout 2WX gran of pure difunctional prepolymr for gumtcck sta-dies.

Equivaleat weihc and cular wight eeasurents, of th~is
Jifucctomal polywr have yielded the fohiowisg values.

Eq eigba 2 7-V
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To further conafirm tone purity of this difwctional prepolymr,
we have rechromatographed a small smaple om i mualytical-sie colm. Awl
moofuctional ccomts that are preat wmld be coacestrated in the

frzat segnt of the cluiion profile. Fractioatiom was carried out at
_ sl ieL/fo1r raEiu of 10011 WW iielded the elUlI0 profile SbmM
in Figfre 12.

Analysi ot the first fractlon eluted from -be colmn gve
the folloring analysis.

f M I.!b)o 5 , ° . 2.431
Eq. Weg S40 640

L on these data it can be concluded that the polymer is
pare difunctional. This material was subsequently used for guintock
studies to determlne the mechmical properties of a purely difunctional
V,;i- prepo I ymer.
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C. Funrmc.. oaallry and Functionaity DI-tr±It;i-o.
Meaerwss of General Tire's CD-ELLE

General Tire uik Rubber Cozpanv produaces also the cart-Oxy
analogue 6f the (36-Telagen, prepolyser series. A@&..n boti- a hydrogmaed,

COG- Te la-ft-S. =nd the unsatnrated analolpe. * (XE-Telagen aim &wuai.
Saimlea if !kth pre olymezs wre m.alyzed an this prograx.

Lot 242M 27)ZEI

Pre-lous lots (1) -if CLX)t- Tel agv-=-S prepoiyewh Uict had been
Ax.alwzed ha4 i..rie.1 in toE; unow- and sonofunctiotial polymer content from
IS to 38Z. the bula of this fraction belaig smofunctional. This lateffr
lot of COW-Tel4ear-S had a noo- cad woaofanctioal prepolvuer content
of 25Z.

This orepolymr lit, was fcund to containx about 0.451 volatiles.
~4oecuiAr weighri were oained after removal of the volatile campowa"s.
The concentratic-& &apeodeace 3f apparent molecular weight byv VPC in
chloroform at 37*C is show in Figure 23. Of pa:rtiaular interest is the
p=Itive s1~e 0. thq 1 .ci3 wight depenidence vnconcentration, tVe
molecular veight decreasing arith decrtwase Sin r-al-fer coaceurrazi=n.
This reflects at 1&,ast ini part the assoeciatior. of the iievolyner OL-ough it-s
crmoxv-f ita cmel groups. - -o of :~h* O--repo ly-wers show this type

on ocentratic depeir-ence. Thr extrapola?,ed nle :uiar veij,4t,
fTle equivaienr weigh. af tnis prevolyer was --eter-7-ine- by osent.i7vktric
::trar ian of an MU solutora af th~e pCi6-Ae. Witrw C.'et-abutyl aomiu

zvdoxdein mthanol Irielix a value of '1C) :i of CxXin.

zn~e -N ese masi..en"i, z~1~d tnai-is:

-. FiacLionalit% X)st ri!.L: -on 4easurevseurs

.X1na and.re nl~xtC ; *

'IThe resItn elzti.rot- is- :n~~2~
k'ase 3M 7 ~ 2e-4 ra~sac :z:&i.z
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i~t : Equivalent 4eight -

Fraction Of Toa4J (Grinfme QXS) NO 'C FVAK ioaa i t

1! 18S1 2830 2WP 0

1.6 4.5 i5

91.9

The first faetion accouting fcr b-6 w- ': is a xixtr .' 3!

no-.w- and ofumciacfl prepciymer. Uased co its averaiU ZusuetiouAalit!
o( O.. 2,. 4 prazinate1: V/3 Is rnf~urcti~,oal (2.2.Z' ard 2:3! is mcw'oUnimua'

r' action 11 aS-It) is clearly =mohf-nciol and fractions ill
amd IN are dit axw. ',o;.. The residual 92 vticn could an be def'orted are
presiinbiy also difuzw-t. .c' The P utzc-ioalit- distributioe of 02is
pr&.!#sr is therefore as flos

mofur&ti2ua1: 2--'%



2800

Un. 2200
00

200-1

510 15 20

CO4CEP4TRATION, 9g'g

Figue 2. Cmentati c epebdvuct t 'Abat n .22 A ai 5T -. I



Fw z

C) 0 0 a (O C 0C>cF0 q m C o I
1"nI 0I.N J d8-ld_0b



-~~~ e'x. a z j

t t, ---X - sc a.r iec-a cfz- c-'-e wt

a~~Neth-cx a yie7ig af vau f25C :M

Thi~ alen: X tiuto easu~re-mens erued

.r- oc fis-rciaz~msu i

-iae3 hst1 resulzinalgr ___ib t pterofe atr"h atiua

sciven szbeule fiwsd Fract-catie'. : >u nci:b anlye b'-eca.ueofth
sma.1 junr we inled. cne infr,,wren spctedule :awvr showe a weaki'
'JO±E atszliedz sucea=ud.~ Sic re fc!;i=S 'mrlcicr wasgh found) to be ent
creposrero wnJ-7and -S mcoictoa polymer, Frion I s also beieve

cut Cz~mpi-iage F~~v o ractizz 1reede h ireece ofa oclvt 50 reoe

satertal i~r wt-- is -iee r..:Ie adeitiv 'a roaiae) aTese cutilere
7-icvtr inluedj~ in e Frczti':. 11 ~ bu r elct e nathe tta beac of tof

Fraztied 11. Aonayse iof t faction sh3edta raction 1 is a i ture
rcb ltaeof non- and o'wfuntional material. wheeasFection IIofurl iandiid
fucut~ional. Fracio l was resele l the rence ofl. a b remsalinig 9

wtkich could aot be desorb-ed are als ; believed to be difunctioaal. The
to~lnoo- and m c%-w*cticna1 zomtent is thberefore abou~t 2-... Te results

of the fractlona!ion are summarized on t-Se follcing page.
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Euvalent iieiet
Frt aGCas ri e of (AYW An 0' z 0 C 1.2 t V

2.3 *
~~iS _., 6720 l .7

111 5.7 3801

17 N.8 1950 32 1.95

51. *

Became of SmaL samle size no analysis
coqild be obtained.

In attempts to improv polymer recovery, 100% C U1 3 was sed
as the laiuial .olwvemt. Figure 27depicts the elution profile umig 1001
oCB1 3 and 6" quefttlv 95/5 COCI 3 12 3 C 2 0M. Although polymer recovery
wa som at improved (A.. vs 51.4) separation eff iciency wa adversely
affected. Fraction 1 (332) vwa a aitture of o- =DO- and difunctional
polymer. Fraction Ii va a mixture of mo and difm..tional poxymer and
lraction III va difumetional. R .sults of fractionation 447-146 are
sumrized below.

Identification: "7-146
Silica Iellpolymer ratio: OC.I'
Total polymer charged: 1.338 g
TotlI polymr recovery- 68.6?

Equivalnt Weigt
Practice Wt 2 (GrinfNle of ODOR) ("&)O Ptaciasalirv

1 33.0 6200 5300 0.85

II 21.2 238D 38ll 1.60

III 14.6 2000 4100 2-05

68.
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Fiwse 2S. Concentration depe"&Mce of number averatte moleular
wiget by WPO for CDNU-Telagen, lot 126, by 1K) in
chl~orofore at 37*C.
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Ab-- at iS r~ :,; Rcketd-e's F-CMFT prepolyer, loat E.Ui-63
vere receive4 fcr d~tLIt istributio uremets. P-CIE is
A tnitro-fluoro prepolmr iayin x'~r-nt~1grops. 0*t o~ lot

(EiI6~%ras characzerirze4 cc r.ais ;7rgnim.

1.Fuicionality Deterr~Alation

Liu1ralent wight deterninati oif P-GOWE, leL :~4 were
mode iu duplicate by reactiou of the prepolywer with toiimoimtdfonyl__

writh exces5i lz~wi~mi!ocymate as nmoirorei6 by It ,j whom~
LIn Figure I& The reaction is essentially complete after -hours at amient
temperature. Excellent repro4bacibiiliy va ob~alned as &I owa by tise

folirin equivalent wight deterwrintions:

Equivalent Weight
L9EIMMINDI Of M~

Awrage: 1299

NleC*IAr Utl swt t* Of P-AZ lot 111-46 Were abtAIsAId
by VPO in cbicrofors at 3rC. Asebm in~ Figure 29 this polyinr ashIbtts
ouly a sli~t concetra tion Iiependence Of appare-ar woletIar VVI~t -
The extrapolated mlecular wight is (R,), - 2WO whiich Is in exiceleat
agremaet with the data reported by Socketdyue -'H - 2794). Sawe

athese mawremats the calculated fummct lea -.tty is-

f - - 2-17

Thse data suggest thme presence ai coposts having greater
ta i"Umeionmalcy.
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COCNTROETX p~t~~ 2 9 . C O C E ~ r R A~O C D X LE M D O C E O F H U M E 5 V E CMOLECULAR WIEIW FORR AVEEDY P 4fGjLOT Ell-",~ IN CIHLOROFOFW AT 37'C By ype.

Time fract otaeiol of ~ it hl ~t~.
by elutIOL eLrm tc48h %m activn 

thk. ei h a eetiona 'WWtoth e P - ~ 5  o f a W uta b je vot 'e t v m is th e 'fey
factor w*4ci. detn. ma~~~e. ~ fe~~~nb 

vo o, 1t
fs out ex-ut e - j the f n~ wI0- II 90 w n schedule *a u aem :

1002 (cac, 0'"C 3 /C'S 2 Ct 2  ldstutes 100? cmR2CI, (uU 7 an 8)/23 wilat.-
Of CV2C1 2 ,ICS 3CX- Me. stu&I.W lndicatsj that ths p iv r8 3 1 t . l e u z bs o r i d o n ,_C e 1 v d A t a e l . I s h c w n i n F l a u r e -0 . c bi . it - r o tm
aamto" preporidme suelh'v b* = " I= th pims to fat-nt

poiyua~a 
w a ourc of 20? a" sad So~ ~

GPlut"i the polywr with uc PParear fractionation.it 
ou ti8.cl 'Naaer

the Solvet a cbhe was subft..tl mMf ed BO~ onrri - "cog omz!& arInl ua b I s~ dx,&OrPin frm rcent tr 25 vo . Thewer roc" Irm Isko font uaso~ r ac ! P'C"ays. hasa~ ~ of these fractio~m ar kSrite, 
Theh ie



a s-L-seluen: ;ir frze~>t~ sze~l.I wa~s

27 3'-. *-jt a -4 ace:- -t

glr -- e w c- rce:2flrte czCe'.

aczC s-r f' -- o-

aia~vzzee b4-a.&ie samnl s~. i ' xa at I cc Tbe ec*'--ive e_-x -f

YF a z Ai-n11t x. uwup 71 z- cr te S-i ie trno Of inr-Il

Silica 5,6~ a S.

Y2;Y9

Fumtimalt-, dta_, :he 4_diid1uA! frAct±is that z--
~-ti~l cmwporen.s Isave be-ia sq-parate-d fr-j the : v1 ojvv~er. Thk



Z,--onene vks not realized. Mcnwver, based an the ana-vsis 3f the indidw:a
fracticwn the ap ,roxisatoe fmccmalit' distrihLtion of ?-CmGNt, le- EiI-438
isas follws_-

ncafunctimal material)

*45-54) %r- dif.:pCtion.&

* 15-10 v-t I rrifurctim.aJ

This functionality distribution is omI'v represent.Atiwe of Iot
Ell-66 ar-4 sa wt reflect the tvpica! distribution of P-(ME prepolymer



C I-

La

a ae aK ~i4

0OD

- -4(

0~ Zl 0
C);; a- -JC)C 1

x fl r_ an (, 0-

%MinIOS 40 'N Ot 83dsnvaAmmn



0 c

C)

- C

5 4L) LJ

N I

7.: CD
CL 90% >

x z . 0 ) 0

Ov-'a C

=N x

40 CL -J

C-) 10

ata

400

L> CwN ) 4 0C > C -

o 0 4 4 0 0 90 "0 0w 0 C) 0o 04 W ow

"uIftos lo in ot v~ smsillnM



CVo Z

I Cf

-o-

I D W

4A

o "a
m up

o DF ' a0

"IfflrS Inft 15M SM'VAT>



tY ib~Ltic NOMSurettS of 3i 's Per-

A samle of W's FC2202. lot 2, was received frocm A1leg~tany
BaIllstic~s LoA&Mtory for cbsaetew ization. Tb. functiisal1ity d istxaUmt.iou
of this sew 3M pmpolymer is of partcicular interest since it reportedly
differs signifiteaaely Irn tuactiaality7 fro lIN's old pK~pIyww (DTt).
A saple of the old K..I pwepolyin hod prewicusly been nalyzed3 by amo (1)

vAfacm to hew. a fectilmality of 3.5- Fuoctiomality dirbution
nesrwmts; at-ue that the M)or co~momts ( >65 wt %) were polyfunctional
(f It 3).

braiw6 leat vei*t mbesureamts of lii F C22 prepojumar lt 2
bawbowcarr ied out by reacti= of mhe prepolyaw wtt tol0017uy

isymiscte. Slzam the prepoijmr U sot solubfr is cklorofam, o..w stnmdard
001-O~wt. a BO CMI ibrttosM *as eSt~bliSh~d In FreOQ-M1 (titIhOrspUmcm-
fton_ - me. Figwwe 33 shims; th, linear culibrastion plo.t relating

toluiemmu.1famyk isocsate abooebeace at 4 .46p to urt 2 cm rti Of the
Iseepmme to Freon 21.5.

D"Iuusiemt WWIAt mtee" moe in d"Pl~cate yielding
the fouloing values:

3 Amiwlt of 20a

11M1

Aw'ege 11

lb Is rae to In goat agreemn waith data repor ted by the 3K Cospemy (1090
graistuole of an).

MOLOCslar W66% iz nts were obzax&i-i by IT'D in freosr-Zi
at 37'C. Ike extrapoiazei malecu~a Mc Lt ws fowd to be (pb)O -Li.
sissi om thes wassur--s the ealcutated fueciosailty is:

1f 2-07

(A. 3- insker 3 . t. ~.Mwd . lfmt tosaIity DetormInoriae of BIiate
ft .V Ijwrs', Kao 3...azb an iwer rtfg Cowameny, Sepc 1965 hflA-
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To find a suitabIi' solmet system fai r tfractionation of the FC2Z2
PC RLV~gmr WA $I_1ca gel1 we lInitlally sgiAdied the Sys tem Tr.M, 1-13 aod MixtVMes
of ytagm 113 with diethbyl etheir. Prepolymer solubility ilists the awsber
af pcrwA solv C systes 'The abc,"w so!wnt system bas resualted in Mhe
elrt.me proftie aew in Fig~we 34.. Recorery was 95%. Ike eluted polymer
wo rec"Immd into four major fractims for analysis:

Idectificaticec: 4*i&-XS
Silica Sp1/polyier ra&:0 54/1
Total polyner dcjirgd: 1-186 S
Polymer rrczwery. 95-3L

equivale'nt Heigt
Fract tow Wt. I of Toesl I Lram/oiof~ o Q! Finctiality

1 12-7 6040 22M 0.36

n1 40.2 Z03100 2-05

U119.1 8OW law%-

XT Z3_3 620 1300 2.1

Pwmalysis of the fludtw~tua1 fractions sabmes that tie anar- an
waomticiamee I eitent is about 11-1 U t 5. tOe remainder beinag di functimax

Oeadd iviamal fract ionation of 7C2202 * lot 2, has been carriLed out
an activated silica ge1 using fTean 113 aal mixtures of rm 113 aind
aCtitri3* as the elutiag solvent (*at Figure 35).- Fractimaa:ime has
apmia yielaw fractivms of increasing bydro:-.yI content- Maver, Caly 692.
of tk* polymez charipd uns e luted from the cali - Tree major fract ions
were isolatedg far analysis:

Identificatim: 471-133
Silica gelpalwar ratio. 60/1
Total iolyr charged: 1.-19 S
Polymer l-ecevery- 69-2%

sq~twslemt vei~t

tr-ctL" t.1i5f c"l (Grasm 10 le f OR-)

I3.4 18,00

11 13 2.9w

111 _4-5

61 -At

Pract ton I Wmbxh ACC Mto for 3. Wt 'of CUC tot-a Ioyw i's
csaMtLsiy Sczfuction~al- 5SASe4. on Chit afalyrk of the CU
(471-lUan 471-11) t%* *.outwmcticmL*t cotj is aboutr 3-5%7 am, ther mot-

.~r&~ .I*~1~ .c~em .s . 7..91..
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F. Effect of prepo1wr FA=Ctlonality
00 ?whiAmicaI F? roprties Of IFT-Ti~ .ok

The ability to determtine te fuctionality distributfLAs Of
lrpirmers and toC sepwarate pre1poyes larto We- WaO- and 41ifuSxtimAI

c:spnn ts shas opened vp sa areas of bin~der stuadies - The followift sectets
del v-i t tthe mechanical propert ie,, of gaistcks prepared from a purely
difuoctiomia1 polybutadiene pr. olymer and c-apar thene properties to
gmtocks f ran was received-' prepolyner. Also th* relatiowmhlp becumma
=tchaznlr,*1 properties ad ncof wtiom~l prepolyner content has been
explored.-

1. Mkw_)_mi cal Propertriesi of Gumatocks
P-repared f rom Pure 2Di 1a -tional ffT-TeL*Veu
armfAs Rec eived- WT-Tej!*zen___

G-Awtocks have been prepared from the pa~re difuncetlamw I E-TeaeSA
prepclywr previous ly isolAted by silica gel chromwrWapy (see Section 5-2-3)
and comared to guinatocks prepared from -As Received"~ ET-Telages, lot 242M
292,1316 AIM - Three lsocvanate cure systems were evaluated retwreseattag e
arcwatic wsd two Aliphatic diisocyanates. In all cases, tril..ocyamtes were
uwmed as crimeslinkers:

& 2,4-To lylee mUiovat Iriby~ ethas tri iuocymmste

e Bexametby lene di isocyrate I rpbomy mthi traisocynte

o DD'!! riphenyl dimeth-Flese trisecyanate

The diiso-zvanates, except General Mlls' DOI!, were distilled prior
to use. The two Triisoyaaates, triphenyl :ehaue trisocyanato and tr#Abesv1
diwthyl~e triisocyanat.r were purified by precipitation and subequent
TaIC14VW distilIatiom (1). KU gumtockA were prep~ared at szoickicswuric (19 1)
%Coli: ratio ad Curt-d at 150*F for eyenA A"Sv. Imi&XtW tECMih-train
prpert.* wes-re aAsured at .' isches/atmate croavhead *peeid using

ad Cr O-duvawbe I Is

*rchsaical propaerr t! Ahsixuz vere meA. at tbxre* temperatuxes-z
-5 &zWi IA*F fer for t-he pu~re difulatleiai gunstocks aud raw-

stocks prepwred trcm 'A Recvived- MfT-Tla~en prvi~clywwr are tabuLued is
Tablz- 11 thro~r MI and griwihicallv pit# nued I= Vi~tres 3A. throgh>

FIgwe* )t6 troug&S M shwa 1 effect. of~I ic~*a rat,; c
ou tbe &"inu stirws A a "pure Q -toa1 -Teae as~o

~o~re t tt-eLruas riwcd - 4 ' cc CtUS *vwtw sELcM Ow. %an

a w;atocks ,prepavze-A r:) pure 4t fumrt ions 4 'elagev 4 -xhblt
AWc, l~ JL Cko ITes hi t~d* prepared

htgh, jr a~ r.siamsf

-Zi nd A us r oft of -Uri

C-2' A-l.



a ihe Pur.J fucionar Kxarcks A.md g~it'cks 7reae t± ""s

received4 HT-Tella~en show efeniia~l aw~
af V"jiWua stress CM- rliso~vtnate joe.L cxcept. at-6 't

t he .,D! 1-7 avd SM U1--Y cure Sstems.

* 7he dif f e!-ece in xm stress levwel 1.- 111f aciuaI
and-&*a rereived' gutoc~ks Is most vrmutd f'or the

1--we Smstes (Yiire 36).

* Recause of the higher MaXINM stress ievel of guaxt.-C". PreTaredi
from pure difun-tonal prepol~r the crasslinker leve.- %.&C L-i
sigaificantP~' reduced tc 1.0% equival.t rr isocv~tnare or ev~en-
lower.

The eff ect of di-lttsoyanate razzio cm the straln leve:l at
=LxXR azUev i's depicre to FU Tures _W tfloi4n -*I:

* IM eAMh case tiae Strain Vah%3S Of the PUre 'dif UCtiO'aI7
gtok are d~isplaced to the left (towards laver trrisocvaare
Levels).

e At comparable triLsocyanate levels the -pure dif~cic ~a1 gztMM5r-cLz
exhibits lower mr..inm strain levrels. In pract ice this implies
that the pare di!m~tIonal gusutoek will require lower triiso~lanate
lzvels- Becaus of the Mowfunbciooal cauce~c of the Tela=
'as received' the lAtzer vmntock vill exhibit lowr cr:2,szlirA

de-ty aiid kwaze higaer strain levels than z-he pure difuznctioial
Sumuck at Ma6AtIcAl trisocyanate lteveLs.

o The thze i-tiarv systeem show es*sentially the sam depea&-tc e -:f
strain at nw~~u stress 4m triisoyanare le-al.

* Mt -6s5'F the ependce of straLi at m.aximm stress cmn tri-
isocraate I*Vel i's less prowwnced V1it& refIr-ts the kwrea td
stiffness of the backlone at bis, low taerature-

Figures 42 thrcvoj 4$4 sh-cm ttat the pure difmticsa: RT-Ye1L~go
gwmitrocks *n&1bbi sigulfic&.ntlr igber I Ittai awiuli

& The Sumatock eu~4oying a :oatal aroiaatic cure system CDITPT_"eTA
(see FlgWt 4 2) wbsb agai u the xmmt. dr amax.ic v fect.

w The toro aipk*atic ditsoclanate &iended guMitacksi Who
e**earti*!l" the saim dtpandeme amtritsocvamart level.

0 At -2Fall rhree -dfuectiona.1- guixc. s 41
P ~ :a f ialtioj =I u*_us oa rr11sxcjyavate level at tii,*

fe" 1. of Interest to Pro;li1iaitn (5 to 4.W% eglalent tri-



* Also tlse d:!terence la iaitclC modali evu'teu n f.:~
gswt-ck atJ "'as received gmtstcc.4tnshsa te :eera:Ure

* To -tain !OW inirial Modli in giasrocks Vhc 4ro a rtJre
dl uacti 3. rreo Ir, t ri~sacv fa te I erels >!, lnw I

equivalent I art- indicwnted.

::g-i"res 15 h- rouhk -#7 -coare the Shore 'A' tarcznes Y*;A- :
7t" too thie -ure A:mcovn HT-Telagen %rt. t~hosezt'L r

TelageA -as receiveC' At cowarabie rriisocwinare lentIs titir pure alifz:LOca1
gtmseodi exhibits contistently significnrly U,4her !tar :ass. fttAs

Obflosiv eflcrs r' hier crosslink aersit., of the pure difc::-tit
gues zac-k. The differ tbcies in Shore "A" hardntnss are most, prznmoinced !or
the f!vroln : ,s <-yar e,;t riphml Inathane triis.crrt,. c'.zred
gifsccks (sce Figure 45). A ccnpariseon o)f Figures 46 aims 47 sn- ,is
that the alipisattc dt.,scranare zutre systemm {HZI and XVI) give essen:ia,os
identical aardness vs ties at cai~rarabie tritsocvdnare !eve". The
aromatic diitocr-anate (ml * Fictire 45), re-sults_ ir, h1iher hardrAess,
valres t-han cure s-rstzs e~icriag alipharic dlisocvanate;.
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E.Wfec: t !&n%,-mounctxanal Preplvmr
~c4~cLrnts 0c2Lle 4kzchanical P. copert ics

of el!-elatnz Gas ,tcks _

In the preceding section the -wchaical properties of gastocks
prepared from pure difant tonal BT-!elage were cowqared to gussrocks pre-
,ared from "as receiveC- RT-!elagen prepolvnpr. In order to arrive at a
quantitiative correia-loc at the efiecr of momnotucti anal prcpolvnmr rnrv
cm1 g~xastock nechanical properties wt hare added contrclled !nmts Of wrnkD-
functicnal HD-jn Uittadiene co --he pure difuncrioaal RT-4elagen. %kmofucinal
prepciyw~r vas adda-d 'In incremenvs of 4-5, 9, 18, and 27 mole Z resrpectively.

The monof uocrt toa1 prepalw-mr used in the-se stndias had beea
: z'lated from the rotz2 ir-4elagen by silica gel chkromatogracphy (,s-e
Section 9- 2.3). ilecalar weight and equivalent night analy-sis yielded
-li followir46 functionality:

f a a- 49f

Eq. Wit 6,100

TuPo cure system vere wmpoved represanting ar ron~ti-c dilso-yanare
(2.4-tolylem diisocanare' and nm aliphatic diisocyacate iGemini fMlls

DO)- In eachi curative system a n itsocyanatc cresssinker tran -and (ti-
peymrh ace r r Ii-s-oaanare and triphenyl dir thylem.r tri isoczanac e

respectirep. T1he 4-rlsca teratio was kept costart at 9!1. N-cnanica-
property- manurnsmts were made at three rewcrarire-s. fl results ztic
tabulAte-d in Tables I'll! an, 11 and grapkU~wlv represented in Figures 48
throusth Si.

The addiricnm of srmofuncriocal, prep--yrer to the diftacrional pie-
polyaer reiduces the 'mussm stCress lenIe at a oven 4±- !trisocyanace ratio-
Figure 49 show quacrarivel'r the effect of swle I mowofuncriocal prepoi-rmer
4eve. uc rt matnu stress Level fcr twc curt srsram:

* The per :entagc d-crease .-, zaxism sLto.es !er-7 -- sinila:. a:
~uthr*-e twmeratcres-

* -he decrease ,m mst szrena u.pon addition --f the first 5 tz
It. a 4Cj~ wwfurnrxional pjrInrr Is more severe for the *' iphatiz
Jrilsot-tdnate (DDI) C hn-xt ended gumSt.-±Ct-

* The eroauatic diisocysr~ate ZfM tan-xee uasitz zis ext,bit
nifter m&axiwms s reas lev~els ar all tesp~erazure lec tls -at ca ~

m~nfttcrcna wLvwr levels.

Teadd-'Ziczn ct mcAmcfanct ioai preplirr:r reduces thk rs a
4est z:Se - gxmtocir at a given di- 'riisccrnate carative rato n,4

i. asAAetrin at maimu stress. rhs effect s VrptAt-a. -

5-.--P : grcrfw rzas I.-c axatm stra~nitm ~ : z~ra
t* : ev--razLt r - e xcep-t f or zi -"t --;a cra rt1v* sVst em a t I t:

Iic' 7z :zZI SA: :nc reaS-e InU axz.nM ~ra It 1evetI wt t rn f -n=cztama



'Ibe effect of nonwfuctiosal prepovcw contest an tkha initial
nodnuha at three teaqweratures is *bow% in Figure 50. Thbe conclusions that
cam be drawn frow these at& cam be summrized as foE 'Ias:

0 The initial modulus dec-eaze.. with Increase in inwfnctiosal
prepolyner content.-

* Mhe decrease is mot significant up~on addit-lon of the first 5 to
10 aol.e % of maaofunctional polymer, thena leiels off.

* As expected, the imitial m.-dulu:t& increjass with decrease in
tewperat~re stwv~ing only ainor uibanges at t-epeatures between
75*F and 180'F but a note significant ch,&,%ge between 75F :-m

* Tae tw cv.rnive systems show p !Yallel behavior. Cowver * the
araoatic (TDI) chain extended gusstoc* has a higbez izitWa nm2dgd
at all three temperatures and at comp~arable ncof!uctlonal
polymer levels.

Figure 51 show an esseattally 1iaea Atareae in Sbre 'e kwames
at 75*F with increase in moof~to ;-repc lvmer content - The tw. Ce
svs te sbcw a s iniLsr behAmior. Fiae'ver, the arok tic 61 isocyanate chain
extended polye showis clearlv a higcr Rtore A~hardn*s at comarable noi-
ftgacticoal preplyrs levelv as omareO. -o the czicres?-~ngi aliph-tic
dlisoeyaaate extended system. For 1imatmice, the g~awuck, cuxed with a
9/1 TDI TT1 cuar~we system in thew- presence ok about 17 sole 2 sciatuctioIa
polymer has essertially the same hardness es a 9/1 DDIITI'Uf cured gmstock
con rainting no monor m~r-ional preplyr. These data comfirs similar stves
ou a re-lared program (1) wich have stica that aro tic dii. cyanat.s have
consistently ressultel --1 gmat'ycks of g,reater hardaesi.

(1) A. H. iAenAker, C.- A. "~e et &I~ Fssc amidrc 1-mgloeriaw COa!,
F A Of Curizg Aaenrs- ALLA*a :.ecbxrtal Report.
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MOLE 1 W FtICTIK)SAL PREPOLYMER

Fiqw 5L. EFFECT OF M4UOFtMCIOMAL PREPOLYMER CONTENT ON
SHORE -Ao UARDIESS OF A HYDR0XY-FtOCTM)NAL POLY-
BtJTADIEVE PREPOLYNER (HT-TELAGEN) AT 75*F- CtWRE
SYSTIEM (OPONTS) = 9/1 2.4-TOLYl-EM DIISOCYAGATIE/
TRIPI4ERY METHAE TRHSOCYARATE, (S POUTS= 9/1
DOI,/TWtPIHKY DIMETHYLENE TVSOCYARATE.
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Drectorate &f Laboratories
[Air Force Sy. teow Cmad Lheards Call

iSAMVA

Fj~at ~1. v - ftmct loati ry iS t rib uxim Measurmets hAwe
~e*= C.Arrie4 out as six diii crest pol~lbetadiese prepolywwfS coutamuGq

.:vz~rwy or cabx oatcaality wkich are curresly of interes t to the
.r Force- Thet specific. proelymers are; Simclair's Poly S-D l-4M

amw A-K 5M. byvirox-f-mriona.i butmU~e -=RP.Ai"-luerz prepared by free

ra4.cA. polyser~zatiae and Cemr-a Tire's Telages prepolymer series.
;rep.-e-d by anioeic po'*wmerizatiom. The Telarem prepoIywer series cowwrian
t:.C fo igPoiwser: the CM-Ie. Ages (Sminml ME-S~OW) Ad its !w'

~a'weiAS (ft-XM~). saturated cowterpr. (U-Te lagew-S. an the
wrrespoontag carbozy-z uscti ovAl analogues. C00C-Te lam an CDE-Ye lageL-S -

Number average molecalar vmight inaurenowts of thnree diifferent
4 tts :1 tiSi& prepolywer saco litcle batch to batch var-Atiou.

ai~stri lr:- mas~r lts wiere obtame-d by elution. chruta-
&:z~z~ 7-- iL:.az ga- --e difunctional conest twas ftnab to

jz t 4. t ' a -.owimal uoiecular %5iI~hC of 40M. Elbe

UX A :re .~. :-t -- M~ r.awc C'a.Str~stlv *6%tti

~ ,::.~:;z~.A.:' ~ ~ ~ Thefwctioalicw

140Mr so* mu %am. 1as



13. Abtract (Cost 1d)

4istrriuiz f the a-15H was found to be siLlaJr to that of the "5K.I
CO.-taiing More tban 5'* Vt Z :riol. IS C~trMis to SinclAIr'S *-4M ami
A-15M Prepollymrs Which are compsed of At- mdtr~f - Coa1 camoto,
the 7elagen preprolyners costain no-. mn- md ditumccinal prepoijawre.
7ze .ozal noo- and ~momofunctional conmt of the four Tetla prepol~ww

w ere atialyzed warted fro 24 to 32 wt 2. the bnelk of which ts

;, sample of Rocke tdyw 's F-CMWTE prepoyer. I ot EY1-66
c. racerized wir_ -- es?ecr to functiosaliry distribuiox.- and f i to contats

zz LSt noof tinl 45 to 502 diunctaml an 3 to w02 trifuct onlJ

j2replymer. Fvrcionality distributiom nmummes of 3I's mw pert 1.o-
a:.Lv_'ee ox~ide prepolymer, FC222 showed the prsne of 3-5Z mnfummle1a
a=a 7-9Z smaofuactional prepolyuer the remainder bmift difuactional.

3Mechaical properties of a S tuock prepared fro- a pae difuntima
;3--- o~ytaesme prepolymer hae bsim obtained as~r a temerature rng of

-WFto '&)oF. 7he effect of mmfacxioma prepaymor cmeme as uminteck
przzerties hass been qantIiatvely &eid.
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